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Executive Summary
Vapor and liquid equilibrium compositions have been measured for the nhexane/squalane system) at 196.6 'C, 251.1 'C, 301.3 'C, and 350.0 O C at pressures ranging from 5.5 to 54.8 bar. Mixture critical pressures at 35.6,48.2, and 54.8 for those containing more than 5 mol % squalane, the error was always less than e%.
For the vapor phase, deviation between samples never exceeded +7% of the squalane composition, and for most samples reproducibility was better than +3%. The reported temperatures are accurate to within k0.3 "C, and pressure variations during a run were always less than +O. 14 bar.
The experimental data were modeled using two equations of state, Peng-Robinson QPR) and the Statistical Associating Fluid Theory (SAFT). Using the P-R equation with the optimized binary interaction parameters, the n-hexane concentration in the liquid phase is predicted to an average error of 6%. In the vapor phase, the squalane concentration is predicted to an average error of 23%. Although the interaction parameters are relatively small, they do not follow a well-behaved trend that lends itself to extrapolation to other, unmeasured temperatures. The interaction parameter for SAFT is better behaved, as it is essentially constant over the temperature range explored. The fit to the liquid-phase concentration is excellent at all temperatures (i.e., no more than 2% devation in hexane concentration), but the predicted concentration of squalane in the vapor phase is off by an unacceptably large 73%. If, as we had originally intended, SAFT is to be used to model ow proposed SCF extraction process, it must be capable of accurately predicting the partioning of the Fischer-Tropsch waxes between the liquid and vapor phases (i.e., K-values). Whether the inability of SAFT to model hexane-squalane simply means that we need to quantify the effect of branching, or that the basic model itself is flawed, will be the subject of future work.
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Technical Objectives

/
The objective of this research project is to evaluate the potential of SCF extraction for separating the catalyst slurry of a Fischer-Tropsch (F-T) slurry bubble column (SBC) reactor into two fractions: (1) a catalyst-free wax containing less than 10 ppm particulate matter and (2) a concentrated catalyst slurry that is ready for recycle or regeneration. The wax will be extracted with a hydrocarbon solvent that has a critical temperature near the operating temperature of the SBC reactor, Le., 200-300 'C. Initial work is being performed using n-hexane as the solvent. The success of the project depends on two major factors. First, the supercritical solvent must be able to dissolve the F-T wax; furthermore, this must be accomplished without entraining the solid catalyst. Second, the extraction must be controlled so as not to favor the removal of the low molecular weight wax compounds, i.e., a constant carbon-number distribution of the alkanes in the wax slurry must be maintained at steady-state column operation.
To implement our objectives, the following task structure is being implemented: Task 3: Process Design Studies a. integration of our SAFT program into a process simulation package. b. process configuration studies using above simulation package.
Detailed Description of Technical Progress
' .
Task la. Apparatus Mod ification and Construction
Automation of the small-scale SCF apparatus is still under consideration. Some details of the control system still need to be examined. Table I and are depicted on a pressure-composition diagram in Figure 1 . For clarity, the vaporphase compositions are plotted in Figures 2 and 3. Both the liquid and vapor phases have been checked for consistency by the methods discussed in the previous quarterly report and are observed to be internally consistent (Figures 4 and 5) .
Because of the large difference in molecular weight between squalane (MW = 422.83) and hexane (MW = 86.18), the reproducibility of the reported mole fractions are highly dependent on the squalane content in the phase of interest. This occurs because our analytical technique for determining phase compositions is based on wt %. For liquid phases containing less than 5 mol % squalane, samples are reproducible to within an error k7% in squalane composition; for those containing more than 5 mol % squalane, the error was always less than 32%. The reproducibility of the vapor-phase compositions was in general excellent when one considers the small amounts of squalane that were present in the vapor phase, especially at the lower temperatures. Deviation between samples for a given temperature and presssure never exceeded f7 % of the squalane composition, and for most samples reproducibility was better than +3 %. . .
Previous work at Clemson has shown that equilibrium conditions are obtained with our continuous-flow apparatus design. Confirmation that equilibrium conditions do indeed exist for our current system of interest was obtained by collecting samples at varying flow / rates at 301.3 "C and 34.8 bar. As shown in Table 11 , no effect of flow rate on composition was observed. . .
the fact that both its pure component and interaction parameters are well-behaved.
T ("C) PR SAFT However, compared to cubic equations of state it is, to say the least, complex.
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In order to use PR in its most conmionly applied form, a knowledge of both pure component critical properties and acentric factors is required. Although these data are readily available for n-hexane, they are not for squalane. Furthermore, several popular methods for estimating T, and P, could not be used because no boiling-point data are available for squalane. Thus, the method of Fedors' , which requires only structural information, was employed and gave a T, of 848 K. Another structural contribution method by Ambrose' was used to calculate a P, of 6.0 bar. To determine the acentric factor, Hutchenson's* program for the PR equation, which requires pure component vapor pressures as the input, was used. Using the calculated critical properties and two vapor pressure values from the literature, we obtained an acentric factor of 0.9695. With this information, flash calculations were then performed for the n-hexanehqualane system using PR.
rr Binary interaction parameters (tjij) were determined for each temperature by optimizing the fit of the equation to the experimentally measured liquid and vapor compositions. As seen in Table 111 , the 6,s are relatively small; however, they do not follow a well-behaved (e.g., linear) trend. Based on these results, the parameter values that one would use for extrapolating to unmeasured temperatures are uncertain. Using the P-R equation with the optimized interaction parameters, the n-hexane concentration in the liquid phase is predicted to an average error of 6%. In the vapor phase, the squalane concentration is predicted to an average error of 23 %. Results at 350.0 "C are shown in Figure 6 and are representative of the fits obtained at the other temperatures. ..
SAFT was also used to model the binary system n-hexanehqualane. The pure component parameters for hexane were calculated fiom the correlations for n-alkanes given in the publication by Huang and Radosz3. For this initial work, the same correlation was also used for squalane, because no correlation for branched alkanes exists at this time. Thus, squalane was assumed to act no differently than triacontane (n-C,,).
As with P-R, the fit of SAFT to the experimentally measured data was also optimized using an interaction parameter (k,). For SAFT, kij was essentially optimized against the liquid composition only because varying k, had little effect on the vapor-phase concentration. The k,s obtained are shown above in Table 111 . Compared to PRY we see # , c that the interaction parameter for SAFT is better behaved; for extrapolating to temperatures above or below those measured, k, can be estimated with confidence to be about 0.02. Unfortunately, for the correlations used, SAFT does not do a good job of correlating the measured data. Although the fit to the liquid-phase concentration is excellent at all temperatures (i.e,, no more than 2% devation in hexane concentration), the predicted concentration of squalane in the vapor phase is off by an unacceptably large 73 %. Results for SAFT at 350.0 "C are seen in Figure 6 .
A complete listing of the phase compositions calculated using both equations of state, as well as the percent deviation between experimental and calculated values, is shown in Table I .
If, as we had originally intended, SAFT is to be used to model our proposed SCF .extraction process, it must be capable of accurately predicting the partioning of the Fischer-Tropsch waxes between the liquid and vapor phases (Le., K-values). Whether'the inability of SAFT to model hexane-squalane simply means that we need to quantify the effect of branching, or that the basic model itself is flawed, will be the subject of future work.
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No effort planned for this quarter.
Plans for Next Quarter
# Equilibrium phase compositions and mixture critical points will be measured and correlated for binary mixtures of n-hexane with an n-alkane such as hexadecane or eicosane. In addition, currently available VLE data will be used to evaluate the ability of SAFT to accurately predict both liquid and vapor compositions for mixtures of light aad heavy alkanes. 6 "C, 251.1 "C, 301.3 "C, and 350 
